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Abstract  
This paper presents an algorithm using Matlab software to detect QRS wave group of MIT-BIH ECG database. First 
of all the noise in ECG be Butterworth filtered, and then analysis the ECG signal based on wavelet transform to 
detect the parameters of the principle of singularity, more accurate detection of the QRS wave group was achieved. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.  Introduction 
Cardiovascular disease is one of the major hazard to human health today. ECG stands for 
electrocardiogram and it is an important way for clinical diagnosis cardiovascular disease. The ECG 
refers to the small voltages (~1mv) found on the skin as a result of electrical activity of the heart. These 
electrical actions trigger various electrical and muscular activity in the heart. The health and function of 
the heart can be measured by the shape of the ECG waveform. Typical heart problems are leaking valves 
and blocked coronary arteries.[1]  
A typical ECG tracing of the cardiac cycle (heartbeat) consists of a P wave, a QRS complex, a T wave, 
and a U wave which is normally visible in 50 to 75% of ECG.[2] The baseline voltage of the 
electrocardiogram is known as the isoelectric line. Typically the isoelectric line is measured as the portion 
of the tracing following the T wave and preceding the next P wave˄Figure 1˅.
Available online at www.sciencedirect.com
2   lsevier B.V. Selection and/or pee -review under respons bility of Garry Lee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Hongjun Zhang /  Physics Procedia  25 ( 2012 )  1010 – 1016 1011
Fig. 1 ECG waveform 
Automatic detection of ECG is the basis for automatic analysis of ECG signals, such as the detection 
of feature points and the extraction of various parameters. The QRS wave detection is the fundamental 
issue, which is not only the most important basis for diagnosis of arrhythmias, but also can be calculated 
to determine the heart rate and heart rate variability analysis to detect ST segment of ECG parameters and 
other details for more information. Detection of QRS wave signal processing method used are also a 
valuable reference for the detection of other modes. 
2.  Using Matlab to Read the Original ECG Signal 
Since 1975, Massachusetts Institute of Technology's laboratories at Boston's Beth Israel Hospital (now 
the Beth Israel Deaconess Medical Center) and at MIT have supported its research into arrhythmia 
analysis and related subjects. One of the first major products of that effort was the MIT-BIH Arrhythmia 
Database, which they completed and began distributing in 1980. 
The MIT-BIH Arrhythmia Database contains 48 half-hour excerpts of two-channel ambulatory ECG 
recordings, obtained from 47 subjects studied by the BIH Arrhythmia Laboratory between 1975 and 1979. 
Twenty-three recordings were chosen at random from a set of 4000 24-hour ambulatory ECG recordings 
collected from a mixed population of inpatients (about 60%) and outpatients (about 40%) at Boston's 
Beth Israel Hospital; the remaining 25 recordings were selected from the same set to include less 
common but clinically significant arrhythmias that would not be well-represented in a small random 
sample.  
Each data record in ECG database contains about 1-3 lead information. Typically, each data record is 
generally formed by three documents, which have the same name, to distinguish between different 
extension. Such as Arrhythmia Database (MIT-BIH Arrhythmia Database) record 100, it is made of three 
files 100.dat, 100.hea, 100.atr. 100.hea named header file, which storages record signals related to patient 
information and the signal properties, such as storage format, the signal sampling frequency, number, 
calibration parameters, record the start time and duration, lead information, and is stored as ASCII code 
characters. 100.atr is comment for the record files, which storages some experts note ECG records 
analyzed in a particular moment to make a mark in the results, mainly includes every moment of cardiac 
rhythm and type of occurrence, and the analysis of signal quality results. 100.dat is the ECG data file, 
which use a custom binary format to store raw data signals, specifically data format used by the type of 
reference to the appropriate header files. 
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We read the ECG data according to the binary format stored .First we read binary data using the 
Matlab software and change into the ECG voltage stored at the same time, then display the ECG 
waveform. Now let's read record 100 in arrhythmia database, and display it. 
First to study the header file of record 100: 
100 2 360 650000 
100.dat 212 200 11 1024 995-22131 0 MLII 
100.dat 212 200 11 1024 1011 20052 0 V5 
#69 M 1085 1629 x1 
#Aldomet,Inderal 
From header file we can see record 100 using record format 212. It contains two signal sampling rate 
of 360Hz, a total of 650,000 samples. Each stored 12-bit signals. Gain of two signals are 200ADC units / 
mV.ADC has a resolution of 11 bits and ADC zero value is 1024. The first two signals the value of 
sampling points were 995 and 1011, -22131 and 20052 are the parity bit. MLII and V5 representatives 
signal from leads MLII and V5. Last two lines storaged the patient's personal information, including age, 
gender and drug use and other records. Data stored by Format 212, every 3 bytes store each sample point 
value of two signals. Each value is expressed by a 12-bit signal, and the low four bits of second bytes as 
the high four bits of first value, with the first byte composing twelve bits first sample value. The high 
four bits of second bytes form the high four bits of second value, with the third byte composing twelve 
bits second sample value.In accordance with the format of the data file,we can read 100.dat and get the 
two signals data.  
Figure 2 is the two-lead ECG we get. We use the Matlab programming, according to the above file 
formats and read the data file. 

Fig. 2 ECG original signal 
3.  Denoising ECG Signals
After ECG acquisition, digital-analog conversion process, the inevitable subject to various types of 
noise interference, such interference makes the received ECG signal to noise ratio low, and even 
submerged ECG. ECG is usually the main consists of the following three kinds of noise:  
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3.1 Frequency Interference 
Include 50HZ power line interference and high-order harmonic interference. Distributed capacitance 
due to the presence of the human body into the body with the antenna effect, as well as a longer lead-line 
exposed, 50HZ power frequency interference in ECG is common, depending on the situation is different, 
its interference with a rate of ECG peak to peak 0 ~ 50%. 
3.2 electromyographic interference  
As the patient's stress or cold stimulation, as well as a result of certain diseases such as 
hyperthyroidism and so on, will have a high-frequency EMG noise, its formation is a number of muscle 
fibers caused by time-sharing random contraction, a very wide frequency range (DC-1000V), spectral 
characteristics close to white noise, its frequency is generally between 5HZ ~ 2KHZ. 
3.3 baseline drift 
This noise is a result of breathing, physical activity or exercise electrocardiography tests caused. 
Slightly intense physical exercise will lead ECG waveform changes, which seriously undermined the 
accuracy of ECG analysis. Fluctuations and distortions of the electrocardiogram also makes doctors 
dazzled, affecting the diagnosis, its frequency is generally between 0.05 ~ 2HZ. 
Powerline is another most usual source of interference in the ECG recording.This kind of interference 
is caused due to powerline cords nearby and its e_ect can be minimized by moving aways from such 
sources of this noise. [4] 
ECG signal preprocessing is to pre-treatment ECG and mainly to filter out signal interference. In order 
to effectively filter the interference signal, usually to filter by filter, such as: the use of low-pass filter 
low-frequency baseline drift, interference filter; use of high-pass filter filter out high frequency 
components of EMG interference; use comb filter frequency interference filter. 
Butterworth filter is an electronic filter which is characterized by a pass band frequency response 
curve of the smooth. This filter is first designed by British engineer Butterworth in 1930. Matlab Signal 
Processing Toolbox provides Butterworth analog filter function buttord and butter. Matlab function in the 
design of digital filters are based on bilinear transformation method, changing the analog filters into 
digital filters. These functions are withered with the following format (Butterworth digital filter): 
[ , ] ( , , , )C P S P SN W buttord W W R R 
This formula is used to calculate the Butterworth digital filter order N and the 3dB cutoff frequency 
normalized values C
W
 (on the S  normalization). Call parameters Wp and Ws are passband digital filter 
cutoff frequency and stopband cutoff frequency of the normalized value (on the normalization), 
requirements 
0 1pWd d  and 0 1sWd d , where 1 means digital frequency S  (corresponding to the 
analog frequency
/ 2sf , sf  is sampling frequency.) . p
R
is the passband maximum attenuation and s
R
is minimum stopband attenuation, which unit is dB. When s p
W Wd
, we design high-pass filter; when 
pW  and sW  is a binary vector, we design band-pass ( s p
W Wd
) or band-stop ( s p
W Wt
) filter, then 
return parameters are binary vectors. 
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Fig. 3 Filtered ECG signal 
In order to achieve the best filtering effect, after repeated experiments to determine the various 
parameters, we design a Butterworth filter for the ECG signal noise smoothing. The better result is shown 
in Figure 3. Part of the Matlab code is as follows: 
wp=35; ws=60; rp=0.5; rs=40; Fs=360; 
[N, Wn] = buttord(wp/(Fs/2), ws/(Fs/2), rp, rs); 
[b, a]=butter(N, Wn); 
y=ecgdata(1:points); 
yy=filter(b,a,y); 
yyy=str2num((num2str(yy,'%10.3f ')))   
plot(yy); 
grid on; 
axis tight; 
axis([1,points,-1,1]);      
title('ECGfiltering'); 
4.  An Improved Algorithm for QRS Detection 
Wavelet transform is to select the appropriate base wavelet or mother wavelet function, form a series 
of wavelets through the basic wavelet by translation, scaling, and then projected onto the signal to be 
analyzed by the pan, stretching form the signal after wavelet space. Wavelet analysis is developed rapidly 
over the past decade the emerging disciplines. Wavelet is currently widely used in many areas. In the 
field of ECG analysis and recognition, more and more researchers pay attention to wavelet signal 
processing and its powerful analysis capabilities. Wavelet analysis as a promising mathematical tool, it 
can be an excellent time and frequency location estimation. Wavelet transform has the following 
characteristics: multi-resolution (multi-scale); quality factor, the relative bandwidth (ratio of center 
frequency and bandwidth) constant; appropriate choice of the basic wavelet, wavelet can in time and 
frequency domain characterization of local signal characteristics have ability characteristics. 
1+<<,|||)+()+(| 00 nanhAhtPhtX
a
n İ- ˄1˅
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Lipschitz index is a mathematical representation of a measure of local features, defined that the function 
X (t) has the following features in the near [5]: 
1+<<,|||)+()+(| 00 nanhAhtPhtX
a
n İ-    (1) 
Then X (t) is a at t0, where h is a sufficiently small amount, Pn (t) is the cross point of the n 
polynomial. In short, the function’s Lipschitz index at one point shows the size of the singularity; the 
value of parameter a larger, higher smoothness of the point; the value of parameter a smaller, the larger 
singularity of the point. In this paper, we use Mallat algorithm to quickly transform ECG filtered signal, 
then analyze the relationship between the singular points (R peak point) and the zero crossing point of its 
wavelet transform modulus maxima, according to the angle of signal singularity point’s Lipschitz index 
and modulus maxima. 
Based on R wave corresponds to the maximum value of wavelet transform zero-crossing, we first 
detected the corresponding R wave maximum value on the positive and negative, and then determined by 
the extremes of zero crossing, which is the R wave peak. R wave is the biggest waveform in ECG signal, 
so the key is to detect zero crossing of modulus maxima between positive and negative after the wavelet 
transform because the crossing point is corresponding to singularity of the signal(R wave peaks).
In this paper, we use a dynamic threshold adjustment method, which can be more accurate R peak 
detection through the dynamic changes of the threshold.  Taking into the undetected problem, first we 
calculated the mean RR interval p in Matlab. When an RR interval> l.6p, we reduced the threshold to the 
maximum average 1 / 5, and then re-tested. If not detected, the paragraph is not missed. Similarly, when 
the RR interval <0.4p, then we thought that the greater amplitude of the two RR peaks is R wave, then 
removal of small amplitude, resume threshold, continue to the next R wave detection. 
The starting point of QRS wave is the starting point of Q wave (Q wave does not exist when the R 
wave), and the end of QRS wave is the end of  S wave (S wave does not exist when the R wave). The 
starting point of QRS wave is the slope of the mutation of Q wave-front wavelet transform on the scale 
21 ;if the Q wave was not present , the starting point of QRS wave is at the R wave-front slope of the 
mutation and The end point of QRS wave is at the S wave-end slope of the mutation; if S wave does not 
exist , the starting point of QRS wave is at the R wave-end slope of the mutation. Therefore we can detect 
the slope of the mutation before and after Q-wave and S wave to detect the beginning and end of QRS 
wave. We can also detect the start and end of the QRS wave on the scale 22, thar is to say, from the R 
wave of the modulus maxima of departure, in a period of time window after or before it, looking for a 
modulus maximum points, then find out the point where the waves start or end point, which is the 
beginning or end of QRS wave. We compared the two ways, using the second better method. 
5.  Experimental Results 
Using MIT-BIH Arrhythmia Database, we analyzed filtered ECG signal using Matlab software. 
Through experiments, we analyzed the ECG signal power spectral density characteristics, then 
decomposited it using wavelet transform. We found that bandwidth of wavelet band-pass filter in 23 and 
24 scales and normal QRS waves bandwidth overlap, so this can better preserve the characteristics of 
QRS wave at the same time, significantly reduce the bandwidth of high frequency noise and low 
frequency outside the baseline drift. 
QRS wave group mainly focused on the energy scale of 23 and 24, and energy of motion artifacts or 
baseline drift mostly concentrated in the more than 25 and 26 scale. Therefore, we analyzed the results of 
the wavelet transform on the scales 21 and 24 , using wavelet to detect QRS wavelet and different point of 
characteristics to extract the ECG parameters on the filtered ECG signal of MIT database.  
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Fig. 4  Identify the R wave peak and QRS-band 
The waveform in Figure 4 is the test results of record 100 using Matlab, where a five-pointed star was 
detected R wave peak position, two black lines represent the start and end of QRS wave group. 
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